INTRODUCTION
Alveolar capillary dysplasia is a rare cause of progressive fatal pulmonary hypertension in the newborn period. The majority of reported cases have been associated with other congenital anomalies, most frequently involving the cardiovascular, gastrointestinal, urogenital, and musculoskeletal systems. 1 -12 Associated ophthalmologic malformations have not been reported. We report the first case of alveolar capillary dysplasia with misalignment of pulmonary veins (ACD-MPV) and anterior segment dysgenesis of the eye.
CASE REPORT
After a full-term pregnancy complicated by oligohydramnios and breech presentation, a 2600-g male infant was delivered by cesarean section to a 38-year-old gravida 2, para 0-1, spontaneous abortion 1 caucasian woman. Family history was negative for birth defects or ophthalmologic abnormalities. The infant's Apgar scores were 8 and 9 at 1 and 5 minutes, and he developed respiratory distress within the first 24 hours of life. Physical examination revealed anterior penile hypospadias 13 and large, irregular pupils with minimal response to light. Initial chest roentgenograms showed perihilar infiltrates. Antibiotics were initiated after cultures were obtained. No systemic infection was detected. Echocardiogram demonstrated normal intracardiac anatomy and patent ductus arteriosus with systemic-topulmonic flow. Due to the presence of hypospadias and oligohydramnios, a renal ultrasound was obtained which showed normal renal anatomy. The infant's respiratory distress worsened, and he required assisted ventilatory support at 2 weeks of age. Quantitative evaluation of surfactant protein concentrations in tracheal effluent excluded surfactant protein B deficiency. Chromosomal analysis revealed normal male karyotype (46,XY), and no cytogenetic abnormalities were detected in the 11p13 region, where mutations have been previously reported in patients with aniridia. 14 -16 A repeat echocardiogram showed persistent foramen oval with right-toleft flow and hypertrophy of the right ventricle with flattening of the ventricular septum. Due to progressive respiratory distress, extracorporeal membrane oxygenation was initiated on day of life 18. Histologic examination of an open lung biopsy performed on day of life 19 showed findings consistent with ACD-MPV, 1, 5, 17 including abnormal location of the pulmonary veins next to arteries within the bronchovascular bundles and in alveolar septa adjacent to small arteries, and widened alveolar septa with a marked decrease in numbers of capillaries contacting alveolar epithelium. There was marked medial hypertrophy of small arteries and muscularization of alveolar septal arterioles (Figure 1 ).
Due to the findings of irregular, minimally responsive pupils, the patient was evaluated by an ophthalmologist shortly after birth, who diagnosed glaucoma and began treatment with topical dorzolamide and timolol. Initial evaluation at our institution was performed at 5 days of age. The patient was noted to have moderate corneal haze, which limited the view of anterior segment structures. The pupils were approximately 7.5 mm in diameter and did not react to light. The iris tissue was
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hypoplastic and radial transillumination defects were visible ( Figure 2 ). There was no distinct iris collarette. The tunica vasculosa lentis was prominent. Intraocular pressures by Tonopen tonometry were 30 mm Hg in the right eye and 25 mm Hg in the left eye. The cup-to-disk ratio was approximately 0.3, although fundus details were poorly visualized due to corneal edema. Intraocular pressures averaged in the high 20s to 30s mm Hg in both eyes during repeated examinations. When the patient's respiratory distress worsened, the timolol was discontinued due to possible deleterious effects on respiratory function. The dorzolamide was continued.
An examination under sedation was performed at 2 weeks of age while the patient was on extracorporal membrane oxygenation. Corneal diameters were 9.5 mm in both eyes. The cornea had mild stromal edema with Descemet's folds. No Haab's stria nor posterior embryotoxon was present. The anterior chamber was formed. The iris examination was unchanged. A clear gonioscopic view could not be obtained due to the corneal stromal edema. The optic discs appeared normal, with a cup:disc ratio of 0.3 in both eyes. The fovea was not distinct, but appeared within normal limits for an infant at this age. The peripheral retina was normal. Axial eye length measurements by A-scan ultrasonography were 18.0 mm in the right eye and 17.8 mm in the left eye.
The infant was listed as a possible lung transplant recipient. However, he developed intraparenchymal brain hemorrhages in the right parietal area. After extensive family counseling, the infant was removed from extracorporeal membrane oxygenation and expired. Permission for post-mortem examination was limited to lungs. The lungs were slightly heavy for age, with a combined lung weight of 74 g. Histologic examination confirmed the findings of ACD-MPV. Approval for publication from the Human Study Committee at Washington University School of Medicine and parental consent were obtained.
DISCUSSION
Since 1981, 9 more than 20 cases of ACD-MPV, including familial cases, have been reported. 1, 5, 18, 19 Most of the patients present in the first few days of life with cyanosis, respiratory distress, and clinical findings of persistent pulmonary hypertension. No sex predilection has been identified, and all cases reported to date have been fatal despite attempts to use multiple ventilatory and medical support strategies. 6, 20, 21 Over the last 3 years, new and more effective therapies for persistent pulmonary hypertension have been developed, such as nitric oxide. These therapies have reduced the need for extracorporeal membrane oxygenation from 55% to 39%. 22 -25 The development of these new therapies has reduced the need for extracorporeal membrane oxygenation for non-fatal causes of persistent pulmonary hypertension. Thus, the contribution of infants with ACD-MPV who require extracorporeal membrane oxygenation may be increasing.
ACD-MPV is considered to be a developmental anomaly of pulmonary vasculature. 7 Although there is histologic variability among cases and even within different areas in the same lung, characteristic findings include widened alveolar septa with loss of contact between capillaries and epithelium, malpositioning of pulmonary veins within bronchovascular bundles, and pulmonary hypertensive changes in small arteries and arterioles. 1, 12 The histology in our case is typical of the majority of those reported in the literature, and although a right-to-left shunt was not demonstrated in our patient, histologic examination of both open lung biopsy and post-mortem lung showed vascular changes of pulmonary hypertension.
Congenital anomalies have been noted in the majority of reported cases (Table 1) . Associated congenital anomalies and familial occurrence have prompted the suggestion that ACD-MVP may have a genetic basis. 5 No cytogenetic or karyotypic abnormalities have been reported to date, 27 and none of the associated abnormalities has provided insight into the underlying pathogenesis of the disease. No ophthalmologic abnormalities have been reported among these infants.
Our patient's ocular findings were consistent with anterior segment dysgenesis with secondary glaucoma. Anterior segment dysgenesis occurs as a consequence of a defect in neural crest cell migration into the developing eye and encompasses several specific developmental abnormalities of the cornea, anterior chamber, iris, and lens.
14 Linkage analysis has suggested that the long arm of chromosome 4 may be a location for the genetic basis of anterior Cor triatriatum, non -obstructive 12, 26 2 -The gastrointestinal system Duodenal stenosis 3, 8 Volvulus of small bowel 8 Total absence or decreased number of ganglionic cells of the colon 6, 8, 12 Intestinal malrotation 8, 12, 27 Meckel's diverticulum Bicornate uterus 2, 9 Stenosis of the distal ureters with hydronephrosis 10 4 -The musculoskeletal system Phocomelia 7, 18 5 -Others Absent lung lobation, small left and right pulmonary arteries segment dysgenesis. 28 -30 Ring chromosome 6, deletions of the short arm of chromosome 11, and mutations in the PAX 6 gene have been seen in patients with aniridia. 14 -16,31 While a similar mechanism may account for aniridia, anterior segment dysgenesis and aniridia have been associated with distinct clinical and cytogenetic abnormalities.
14 Our patient's findings were not consistent with any of these more specific diagnoses including Axenfeld-Rieger syndrome and Peters anomalies. 32 Type II aniridia was also considered, but the presence of iris transillumination defects made this diagnosis highly unlikely. 33, 34 Because the iris was not available for histopathologic evaluation, a more specific diagnosis could not be made, and the patient's findings are therefore best described as anterior segment dysgenesis. To date, disruption of a genetic locus associated with a phenotype of hypospadias, ACD-MPV, and anterior segment dysgenesis has not been reported. This association raises the possibility that a mechanism that disrupts the expression of contiguous genes, an abnormality of vascular development, or a specific developmental defect which occurs at approximately the same time in the formation of external genitalia, pulmonary vasculature, and anterior segment might account for our patient's phenotype.
